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Hermitian random matrix models with asymmetric quartic
potential

Erik Benovic?
Supervisor: Mgr. Juraj Tekel, PhD.!

L FMFI UK, Mlynsk4 dolina, 842 48 Bratislava

In the study of Hermitian random matrix models, the main goal is to find an eigenvalue distribution of a
specific model. Different types of solutions may appear, and we examine their validity. The determining
condition is the thermodynamic analogy of the minimal free energy. In the presented work, we examine a
guartic potential with an asymmetric linear term. Since complete analytic results are unattainable, we develop
a perturbative strategy. We construct the expansion of the free energy for a “small” and “large” variation of
the symmetric potential. Subsequently, we inspect the nature of the free energy in a completely asymmetric
potential. Adopting the method of Padé approximants, we endeavor to match up with the numerical results.
Finally, we take the first steps towards the analysis of the two-cut solution.

Keywords: Hermitian matrix models, eigenvalue distribution, perturbation theory, free energy, Padé
approximant



Signal to Background Optimalization in the Study of the

Rare B-mesons Deat the ATLAS Experiment in CERN
Marek Biros?

Supervisor: Pavel Reznicek®

! Ustav ¢asticové a jaderné fyziky, V HoleSovickach 2, 180 00 Praha 8, Ceska republika

The rare decay B% — K+ u* is one of the physics channels testing Standard Model predictions at the
ATLAS experiment. The potential deviation could be observed in the angular distribution of the decay. This
work provides input for the future analysis of this rare decay in the data-taking period of Run 2. To be more
concrete, the work include two main results. First, using the BDT method instead of the cut based method
would provide better signal separation efficiency (we also optimized this method and found the most suitable
settings configuration). Second, we found the functions prescriptions for the mg and mg* distributions. That
could help with signal separation by maximal likelihood method of fit, which decreases the level of the
uncertainty for the angular distribution analysis.

The research was performed on simulated data containing the signal decay and the main background
channels (decays, which are misinterpreted by the detector as our signal decay). The background decays
included Bs — o(K*K)uu, Ap — A(1520)(pK )u'uw and Ap — pK p*u. The signal data were also
contaminated with events, when detector misidentified the kaon and pion from the K+ meson decay, which
leads to modifications of the fitted parameters and brings inaccuracies in the analysis. These cases were
separated and treated as the special background process.

Key words: ATLAS, TMVA, Maximal Likelihood, B-meson.



Radon potential of the soils — approaches and
applications

Alzbeta Brisudovat!
Supervisor: Martin Bulko!

! Department of Nuclear Physics and Biophysics, FMFI UK, Mlynska dolina, 842 48 Bratislava

Adverse effects of radon inhalation on human body are well known; exposure from radon and its decay
products is the second leading cause of lung cancer after smoking [1]. To address this issue, the EU member
states shall establish national action plans addressing long-term risks from indoor radon exposures, and to
identify areas where the radon concentration is expected to exceed the relevant national reference level [2].
The regions where elevated indoor radon levels are expected for natural, i.e. geogenic reasons are called
geogenic radon prone areas [3]. Radon-prone areas can be identified either directly by using indoor
measurements [4], or indirectly from the properties of the upper layer of soil (radium and radon
concentrations, porosity, soil type, permeability, water content, etc.). In this paper, four different indirect
approaches for determining the geogenic radon potential are compared on the area of Mochovce, Slovakia
(22 x 22 km?). This area is especially suitable for these purposes because due to the presence of a nearby
nuclear power plant, the density of 22Rn, 238U, 232Th and 4°K measurement points in this area is very high.
Radon potential maps were created and then used to identify villages where elevated radon levels were
suspected. In these villages, measurements of indoor radon were performed and evaluated.

[1] United Nations Scientific Committee on the Effects of Atomic Radiation, 1982 Report to the General
Assembly, with annexes. lonizing Radiation: Sources and Biological Effects. United Nations, New York,
1982.

[2] European Commission, Council Directive 2013/59 (2014). Official Journal of the European Union L13,
Volume 57, ISSN 1977-0677.

[3] Determination of radon prone areas by optimized binary classification. Journal of Environmental
Radioactivity 129, pages 121-132.

[4] WHO Handbook on indoor radon - a public health perspective, 2009. World Health Organization, ISBN
9789241547673.

Keywords: radon, radon-prone areas, radon potential



Double Pulse Detection with Boosted Decision Trees in the
Baikal-GVD

Eliska Eckerova'
Supervisor: Rastislav Dvornicky!

! Department of Nuclear Physics and Biophysics, FMFI UK, Mlynska dolina, 842 48 Bratislava,
Slovenska republika

Baikal-GVD is the state of the art neutrino telescope installed in the lake Baikal. Its main goal is a detection
of the astrophysical neutrinos, study of their sources and other beyond standard model physics. The signals in the
Baikal GVD can be divided to two basic groups: single pulses, the pulse was created by a single particle, and the
double pulses, the signal was created by more than one particle. Currently, the pulse extraction algorithm applied
in the data analysis is not able to distinguish them. However, the categorization of these two types of events is
important for many reasons.

Atmospheric muons, created in the secondary cosmic rays, form the main contribution to the background
events of astrophysical neutrinos. These muons are produced in the so called bundles -- it means that immense
number of muons go through the detector at the same time hence they create waveforms with multiple peaks.
Thanks to the implementation of the new algorithm we can better recognize one muon tracks, originated in
charged current interactions of muon neutrino, from the signatures of muon bundles, which can significantly
improve the precision of muon track reconstruction and background suppression. In addition, the Double Pulse
Detection Technique (DPDT) can be used for the analysis of the properties of the photomultipliers installed in
the Baikal GVD. The most intriguing application of this new DPDT is observation of astrophysical tau neutrinos
which have not been observed yet. Detection of the high energy tau neutrinos, which can not originate on Earth,
is also very promising way to verify the existence of the astrophysical neutrinos.

This work deals with development of the new advanced technique for the double pulse detection based on
machine learning with emphasis on the Boosted Decision Trees (BDTs).

Key words: astrophysical neutrinos, GVD, double pulses, BDTs, tau neutrinos



Magnetokaloricky jav sklom potiahnutych mikrodrétov na
baze Heuslerovych zliatin Ni;FeGa

Miroslav Hennel!
Skolitel’; Ladislav Galdun?

LUFV, PF UPJS, Park Angelinum 9, 040 01 KoSice, Slovenska republika

V poslednych rokoch vznika dopyt po novych sposoboch, ktoré by boli schopné nahradit’ dnes uz
zastarané a neefektivne chladenie na principe kompresie plynov. Heuslerove zliatiny su materialy so sI'ubnou
moznostou pouzitia v technickych aplikacidch. Vyznacuji sa mnohymi vyznamnymi fyzikdlnymi
vlastnostami ako je napriklad magnetokaloricky jav, ¢o predstavuje zmenu teploty vplyvom vonkajsiecho
magnetického pola [1]. V stcasnosti, materialy vykazujiice magnetokaloricky jav su Casto krat nevhodné
pre technické aplikacie ¢i uz z dovodu ceny, pracovnej teploty alebo mechanickych vlastnosti. Takymto
materialom je aj Heuslerova zliatina Ni;MnGa, ktorej vyroba je komplikovana pretoze obsahuje mangén [2].
Z toho dovodu sme sa rozhodli nahradit’ mangan Zelezom a vyrobit’ sériu zliatin NioFeGa. Naviac Taylor-
Ulitovského metoda nam dava moznost’ vyroby vel'mi tenkych kovovych sklom potiahnutych mikrodrétov
vhodnych na mikrochladenie [3]. Tato forma umozZiuje opakovat’ chladenie s vysokou frekvenciou, pretoze
vd'aka rozmerom vznikaju len velmi malé virivé prady. Dalsou vyhodou je vhodny pomer plocha/objem,
ktory napomaha k rychlemu transferu tepla. Skleneny obal umoziuje budiuce medicinske aplikacie napriklad
na zneskodnovanie nadorovych buniek nizkou teplotou. Preto s mikrodrdty na baze Heuslerovych zliatin
vhodnymi kandidatmi pre aplikacie v mikromagnetickom chladeni.

[1] T. Graf, C. Felser, S.S.P. Parkin, Prog. Solid State Chem. 39 (2011)
[2] S. Shevyrtalov, A. Zhukov et. al, Journal of Alloys and Compounds, 745, 217-221, (2018)

[3] L. Galdun, T. Ryba, V.M. Prida, V. Zhukova, A. Zhukov, P. Diko, V. Kaveéansky, Z. Vargova, R.
Varga, J. Magn. Magn. Mater., 453, 96-100, (2018)

KPucové slova: Magnetokaloricky jav, Magnetické mikrodroty, Magnetické chladenie



Stadium ¢asového rozlisenia detektora STRAW v
experimente NA62

Zdenko Hives!
Skolitel': Michal Koval?

! Fakulta matematiky, fyziky a informatiky, Univerzita Komenského, Bratislava, Slovenska
republika
2 European Organization for Nuclear Research (CERN), Espl. des Particules 1, 1217 Meyrin,
Switzerland

NAG62 je experiment sidliaci v CERN-e ktorého hlavnym ciel’om je odmerat’ pravdepodobnost’ vel’mi
zriedkavého rozpadu nabitého kaénu K* — mtvo. Jednym z najddlezitejSich detektorov experimentu je Straw
spektrometer (STRAW), ktorého Ulohou je ¢o najpresnejSie zmerat’ hybnosti nabitych ¢astic, ktoré cez neho
prechadzaju. Zékladnou suciastkou detektora STRAW je slamka vyrobend z plastu (mylar) s priemerom 1cm
a dizkou 2.1m. Vniitorna stena slamky je pokovovana vrstvou medi a zlata a jej stredom je vedeny volframovy
drét. Na kovovu vrstvu a drét je aplikované vysoké napétie, ktoré vytvara silné elektrické pole vo vnutri
slamky. V slamke prudi plyn, ktory je ionizovany prechodom nabitych ¢astic, pri ¢om pohybujlce sa iony
vytvaraju signal, ktory je zaznamenany Specialnou elektronikou a nasledne pouzity na zrekonsStruovanie miesta
prechodu ¢astice slamkou. STRAW sa sklada zo $tyroch slamkovych komdr, pri ¢om kazda z komor obsahuje
1792 slamiek, ktoré st rozmiestnené a natoéené tak, aby bolo mozné s vel’kou presnost’ou odmerat’ miesto
prechodu ¢astice komorou. Medzi druhou a tret’ou komorou je umiestneny silny magnet, ktory zataca
trajektdrie ¢astic. Z odmeraného zatocenia sa da nasledne zrekonstruovat’ pévodna hybnost’ ¢astice. V tomto
prispevku sa zaoberame $tadiom ¢asového rozliSenia STRAW na tirovni jednej slamky pomocou Monte-Carlo
simuldcii, pricom hlavnym predmetom skimania je vplyv rozliénych parametrov na ¢asové rozlisenie. Medzi
skimané parametre patri intenzita elektrického pol’a, zloZenie plynu v slamke, koncentracia jednotlivych
zloziek plynu, celkovy tlak plynu a tieZ pouzita Citacia elektronika. Na simulacie su pouzité programy HEED,
Garfield a Ngspice. Vysledky simulacii si porovnané s meraniami na prototype STRAW detektora. Ciel’om
prace je najst’ optimalne hodnoty parametrov, ktoré by zlepsili ¢asové rozlisSenie STRAW oproti aktualnemu
nastaveniu detektora: plyn: Ar (70%) CO2 (30%), tlak 1000mbar, napatie 1750V.

Kruacové slova: NA62 experiment, STRAW spektrometer, ¢asové rozliSenie



Teoretické studium vplyvu vapenatych iénov na svalovu
kontrakciu tenkych srdcovych filamentov

Bc. Marog Jevocint
Skolitel: doc. RNDr. Jozef Stre¢ka, PhD.!

! Katedra teoretickej fyziky a astrofyziky, Ustav fyzikalnych vied, Prirodovedecka fakulta,
Univerzita P. J. Safarika v KoSiciach, Park Angelinum 9, 041 54 KoSice, Slovenska republika

Tato praca je venovana exaktnému rieSeniu modelu Isingovho typu, ktory sme vyuzili na teoretické
studium vplyvu vapenatych katidonov na svalovl kontrakciu tenkych srdcovych svalovych filamentov pri
uvazovanych periodickych [1] a otvorenych hrani¢nych podmienkach. Ukazeme si rozdielnost’ pristupov pre
vypocet Statistickych veli¢in v oboch jednotlivych pripadoch a porovname ziskané vysledky so znamymi
experimentalnymi udajmi [2]. Hlavnym cielom prace je poukazat' na efekt hranic, ktoré sa prejavia v
relativne dobre rozpoznatelnej zmene zavislosti normovanej kontrakénej sily tenkého srdcového
myofilamentu na koncentracii vapenatych kationov. Vplyv otvorenych hrani¢nych podmienok sa na
kontrak¢nej sile svalového vlakna prejavi zoslabenenim synergického efektu, ktory je zapri¢ineny mensim
poctom susednych kooperativnych jednotiek na hraniciach tenkého srdcového svalového vlakna.

[1] Rice J. J., Stolovitzky G., Tu Y., de Tombe P. P.: Biophysical Journal, 84 (2003) 897.
[2] Dobesh D. P., Konhilas J. P., de Tombe P. P.: American Journal of Physiology-Heart and Circulatory
Physiology, 282 (2002) 1055-1062.

Kracové slova: kontrakcia srdcového myofilamentu, Isingov model, tenky srdcovy myofilament, cross-
bridge spojenie



Charakterizace polovodicovych detektort
pro vesmirné aplikace

Anezka Kabatova?
Skolitel: Michal Maréiéovskyl

! Fakulta jaderna a fyzikaln& inzenyrskda CVUT v Praze, Bfehova 7, Praha 110 00, Ceska
republika

Tato prace se zabyva charakterizaci monolitického kiemikového detekéniho Cipu X-CHIPO3, ktery je
zakladnim kamenem vyvoje detektorti uréenych pro zobrazovaci a dozimetrické aplikace v kosmickém
prostiedi.

V praci je podrobné popsano kosmické prostedi a jeho potencialni vlivy na ¢loveka i elektroniku. Diraz je
kladen zejména na vliv Slunce, jakozto hlavni faktor formujici slozeni a vyvoj kosmického zafeni v okoli
Zemé. Nasleduje kapitola, ktera se vénuje interakcim ionizujiciho zafeni s latkou. Mechanismy interakce
jsou klicem k pochopeni detekéni techniky i efektil, které méa kosmické prostiedi, skladajici se zejména z
vysokoenergetickych nabitych ¢astic, na jemu vystavené objekty. Prace dale navazuje kapitolou o
polovodicovych detektorech, o struktufe materialt, ze kterych se skladaji, o jejich druzich a
charakteristikach, které definuji jejich Cinnost. Zvlastni sekce této kapitoly je vénovana mechanismu
radiaénimu poskozeni. Pfed samotnou experimentalni Casti se nachazi kapitola vénujici se simulacim
prichodu nabitych castic Cipem, které byly nasledné pouzity pro piipravu testi radiacni odolnosti.
Experimentalni ¢ast prace se tyka testovani detektoru X-CHIP03. V ramci ni bylo testovano nékolik
dalezitych charakteristik tohoto zatizeni, jako napiiklad piedestaly pixelt, ¢i teplotni zavislost jejich odezvy.
Spektroskopicka ¢ast zahrnuje ozafovani detektoru radioaktivnimi zafi¢i a vyuziti ziskanych spekter ke
kalibraci pixeld. V posledni casti prace jsou popsany experimenty provedené na nékolika védeckych
pracovistich v Ceské republice i mimo ni, které mély za cil otestovat radiaéni odolnost zafizeni pomoci
ozafovani Cipu tézkymi ionty.

Kruacové slova: polovodicové detektory, kosmické prostiedi, radiacni posSkozeni



Zmeny period zakrytovych dvojhviezd BD And a CL Aur

Matej Kecer?
Skolitel’: Stefan Parimucha®

'Katedra teoretickej fyziky a astrofyziky, Ustav fyzikalnych vied, Prirodovedecka fakulta UPJS,
Park Angelinum 9, 040 01 KoSice, Slovenska republika

V tejto praci sa venujeme zhrnutiu doterajSich poznatkov o mechanizmoch zmien peridd zakrytovych
dvojhviezd, a spdsobom ich analyzy za pomoci O-C diagramu. Nasledne prezentujeme nasu analyzu takychto
zmien u dvojhviezd BD And a CL Aur. Na tato tlohu pouzivame softvér OCFit [1]. Vysledky fitovacej
procedury nasledne posudzujeme podla relevantnosti, s oh'adom na parametre samotnych dvojhviezd. Nas
model tiez porovnavame s vysledkami inych autorov [2][3].

[1] Gajdos, P., Parimucha, S., 2018, v tlagi
[2] Kim, C. H., Song, M. H., Yoon, J. N., Han, W., Jeong, M. J., 2014, APJ, 788, 134
[3] Lee, J. W., Kim, Ch.-H., Kim, D. H., et al. 2010, AJ, 139, 2669



Vplyv nizkoteplotnej plazmy na vlastnosti séjovych bébov
Adam Kerdik!

Skolitel’: Julidna Tomekoval

! Katedra experimentalnej fyziky, FMFI UK, Mlynska dolina, 842 48 Bratislava

Vyuzitie plazmy v réznych odvetviach priemyslu v poslednych rokoch vyrazne narasta. Osobity vyznam ma
pouzitie plazmy na opracovanie biologickych materialov za i¢elom dekontaminacie ich povrchu a zlepsenia
ich rastovych vlastnosti. Cielom nasej prace je skimanie vplyvu nizkoteplotnej plazmy na povrchové
vlastnosti s6jovych bobov. Nizkoteplotnil plazmu sme generovali dvoma vybojmi. Difuznym koplanarnym
povrchovym bariérovym vybojom sme generovali plazmu, v ktorej sme vzorky vystavili expozi¢nému ¢asu
v rozmedzi 30-120s. Druhym pouzitym vybojom bol radiofrekvenény vyboj, pri ktorom sme volili ¢asy
opracovania v rozmedzi 1-10min. Medzi skimané vlastnosti sme zaradili imbibiciu vody, kontaktny uhol
arast rastlin pri r6znych expozi¢nych ¢asoch. Stadium vplyvu plazmy na rastlinné semena sme doplnili
elektrickymi a optickymi meraniami za u¢elom charakteristiky pouZzitych zdrojov plazmy.

KrPuacové slova: DCSBD, RF vyboj, imbibicia, kontaktny uhol, opticka spektroskopia, elektrické
charakteristiky



High-pressure influence on magnetic transitions of
Ce2Pd:In intermetallic compound

Petr Kral!
Supervisor: Jifi Prchal®

! Charles University, Faculty of Mathematics and Physics, Department of Condensed Matter
Physics, Ke Karlovu 5, 121 16 Prague 2, Czech Republic

The physics of rare-earth element-based intermetallics is mainly determined by highly correlated 4f-
electrons. In some compounds usually localized 4f-electrons states can hybridize with the wave functions of
neighboring atoms. The unique way how to directly affect the interatomic distances and thus the hybridization
is application of external pressure.

In our study we have focused on the cerium-based compound CezPdzIn, which is known to crystallize in
tetragonal Shastry Sutherland lattice consisting of planes formed by Ce-atoms alternated by non-magnetic
planes containing other elements. It belongs to the group of Ce,T.In compounds exhibiting, depending on the
d-band of the transition metal T, well-localized magnetism (Ce,CuzIn, Ce;Pd.In) or valence fluctuations
(CezNizln, CezRh2In) [1,2].

The magnetic ground state of this compound is very sensitive to the off-stoichiometry. The excess of Ce
leads to ferromagnetic ground state, while the excess of Pd results in incommensurate antiferromagnetism with
propagation vector k = (0.22, 0, 0). The accurate stoichiometry leads to presence of two magnetic transitions,
the compound reaches ordered ferromagnetic ground state through the intermediate antiferromagnetic state
[3,4,5].

We present the results of electrical resistivity and magnetic AC susceptibility measurements performed on
a high quality Ce,Pd:In single crystal. Applied external pressure affects both observed phase transitions. While
a slight pressure-induced shift of Ty to higher temperatures is observed, AFM phase remains to significantly
lower temperature under applied pressure. Extension of the experiment to higher pressure range is needed to
estimate total suppression of the FM phase.

[1] D. Kaczorowski et al., Phys. Rev. B 1996, 54, 9891

[2] R. Hauser et al., Physica B 1997, 230, 211

[3] M. Giovannini et al, Phys. Rev. B 2000, 61, 4044

[4] D. Kaczorowski et al., Czech. J. Phys. 1996, 46, 2063

[5] M. Klicpera et al., J. Magn. Magn. Mater. 2016, 404, 250

Key words: high pressure, magnetism, cerium



Fractal growth of polyethylene nanoislands on
polyethylene oxide thin films
Juraj Majek?
Supervisor: Artem Ryabov!

L Charles University, Faculty of Mathematics and Physics, Department of Macromolecular
Physics, V Holesovic¢kach 2, 18000 Praha 8, Czech Republic

Plasma polymer fragments deposited from vapor on non-wetting polymer substrates are seen to aggregate
into fractal nanoislands. Dependent on conditions of the experiment, the islands attain diverse shapes ranging
from dendritic snowflakes, branching seaweed to twisting snakes. In our work, we identify dominant kinetic
processes responsible for this diversity and relate them to physical characteristics of the experiment [1].

We review and implement basic computer models of deposition and aggregation of diffusing particles: The
Diffusion-Limited Aggregation (DLA) [2], both on a lattice and without a lattice, and the Cluster-Cluster
Aggregation (CCA) [3]. The off-lattice DLA yields isotropic random fractals. The lattice DLA fractals are
influenced by the properties of the lattice itself, which can be chosen to represent the symmetry of the
substrate layer on which the islands grow. Fractals generated in the CCA model are more linear. Competition
between diffusion and deposition rates gives a transition between off-lattice DLA and CCA fractals.

Each of these models comprises a mechanism that we conjecture to be dominant during growth of distinct
observed polyethylene nanoislands. Thus, the multiple observed fractal shapes allow us to draw conclusions
on microscopic kinetics of the surface diffusion of deposited polymer fragments. The gained insight into the
kinetics may be relevant for plasma-assisted development of polymer-based devices.

[1] Choukourov, A., et al., submitted to Appl. Surf. Sci. (2019)
[2] Witten, T.A., Sander, L.P., Phys. Rev. Lett. 47 (1981) 1400-1403
[3] Meakin P., Phys. Rev. Lett. 51 (1983) 1119-1122

Keywords: Plasma polymers, Fractal growth, Diffusion-limited aggregation, Cluster-cluster aggregation



Vplyv podmienok strihania elektrotechnickych oceli na
magnetické vlastnosti

Slavka Martinkoval
Skolitel: Jan Fiizer!

! Katedra fyziky kondenzovanych latok, Prirodovedecka fakulta UPJS, Park Angelinum 9
041 54 Kosice, Slovenska republika

Jednym z hlavnych problémov vyuzivania elektrooceli v elektro-technologickych zariadeniach je
problém existencie energetickych strat. Energetické straty materidlu sposobuju ze zariadenie nepracuje s
pozadovanym vykonom a spotrebovava viac elektrickej energie. Pri spracovani elektrooceli do
pozadovaného stavu konkrétneho vyrobku je strihanie plechu. Vplyvom deformacii ktorymi je material pri
strihani namahany, dochadza k zva¢Sovaniu vyslednych energetickych strat elektrooceli. Ciel'om tejto prace
je skimat’ ako mozZno tento negativny vplyv strihania na energetické straty elektrooceli zredukovat. Praca
sa konkrétne zaobera aky vplyv ma pri strihani elektrooceli obsah kremiku v materiali, vzdialenost’ medzi
striznikom a striznicou strizného nastroja a ako vplyva povyrobné zihanie na vysledné energetické straty
elektrooceli. Teoreticka Cast’ prace je venovana charakterizacii magnetickych strat magneticky méakkych
elektrooceli a vplyvu mechanického spracovania na magnetické vlastnosti feromagneticky mékkych
materidlov. V experimentdlnej Casti sme sa zaoberali meranim magnetickych a elektrickych vlastnosti
jednotlivych vzoriek elektrooceli. V tejto Casti je taktieZ opisana meracia aparatira pouZzitd pri meraniach,
rozne metddy merania, charakterizdcia meranych vzoriek, popisy a postupy merani a nakoniec, interpretacia
nameranych vysledkov.

Krucové slova: feromagnetizmus, magneticky mikké elektroocele, magnetické straty, strihanie
elektrooceli
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Stadium kvark-glénovej plazmy, hustej a hortcej jadrovej hmoty, v ktorej sa nachadzaju dekonfinované
kvarky a gluény, patri medzi hlavné ciele Relativistického urychl'ovaca tazkych jadier v Brookhavenskom
narodnom laboratoriu. Tento stav hmoty nemdzeme pozorovat’ priamo, ale len pomocou jeho prejavov, ako
je jadrovy modifika¢ny faktor ¢i elipticky tok. Nedavno sa vSak ukazalo, ze azimutalne korelacie, ktoré su v
kvark-gluénovej plazme povazované za prejav kolektivneho spravania média, je mozné merat’ aj v malych
zrazkovych systémoch ako p+p ¢i p+Pb — je teda pritomny elipticky tok ¢astic. Preto je potrebné skimat’
elipticky tok v malych systémoch a najmé urcit’ jeho pdvod, ked’Ze zatial’ nevieme, ¢i v malych systémoch
nemoéze vzniknat kvapocka kvark-gluonovej plazmy, alebo ide len o korelacie nesposobené kolektivnym
spravanim castic.

V tejto praci bude predstavené meranie eliptického toku D° mezonu na experimente STAR v zrazkach
d+Au pri energii 200 GeV pomocou novej metddy Generic Framework [1]. D® mezon je rekonStruovany
pomocou hadrénového rozpadu s pouzitim vylepsenych rozhodovacich stromov, ¢o je algoritmus strojového
ucenia. Tento pristup bol potrebny kvoli vyraznej neziaducej pritomnosti kombinatorického pozadia.

[1] Bilandzic A., et al., Phys. Rev., C 89 (2014), 064904.

Kracové slova: kvark-gluénova plazma, experiment STAR, povabné mezony, elipticky tok, malé zrazkové
systémy.
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Oxid grafénu (GO) je relativne novy material, ktory preukazuje vysoky potencial vyuzitia v rdznych
biomedicinskych aplikacidch. Jednou z oblasti, kde si GO ziskal $pecialnu pozornost’ je cieleny prenos lieciv.
Bolo preukazané, ze GO mdze byt pouzity ako efektivny nosi¢ pre nanocastice nestice rozne terapeutické latky
ako aj pre aptaméry — funk¢né oligonukleotidy, ktoré sa Specificky viazu na cielové molekuly alebo bunky [1,

2].

GO v kombinacii s aptamérmi Specificky sa viazucimi na nddorové bunky predstavuje sI'ubnt platformu
pre jednoduché a ucinné diagnostikovanie rakoviny. V pripade pouzitia fluorescencne znacenych aptamérov
sa vyuziva tzv. OFF-ON koncept biodetekcie [3]. Dolezitym javom v tomto koncepte je schopnost’ GO zhasat’
fluorescencny signal. Fluorescencnou znackou modifikované aptaméry po naviazani sa na Struktury GO
stracaju svoj fluorescencny signal — signal OFF. Preferencné viazanie aptamérov na svoje cielené
molekuly/bunky ma vSak za nasledok vzdialenie molekuly od zhasaca a nastava obnovenie signalu — signal
ON.

V naSej praci sme pripravili kompozit GO s aptamérmi cielenymi na PTK7 receptor v membrane buniek
akutnej lymfoblastickej leukémie (Jurkat T-bunky) a modifikovanymi fluorescenénou znackou ATTO542. V
prvom kroku sme preskumali zhaSanie fluorescencie ATTO542-aptaméra pod vplyvom roznej koncentracie
GO. Pripravené kompozity nasledne prestudujeme z hl'adiska obnovenia fluorescencie po pridani Jurkat T-
buniek.

Ziskané vysledky budu pouzité k optimalizacii protokolu smerom k preciznej a lahko dostupnej diagnostike
leukémie na baze GO a aptamérov.

[1] Gu, Y., Guo, Y., Wang, CH., Xu, J., Wu, J., Kirk, T. B., Ma, D., Xue W.: A polyamidoamne dendrimer
functionalized graphene oxide for DOX and MMP-9 shRNA plasmid co-delivery, Material Sci. Eng. C, 70
(2017) 572-585.

[2] Gao, L., Qin Li, Q., Li, R.,, Lirong Yan, L., Zhou, Y., Chen, K., Shi, H.: Highly Sensitive Detection for
Proteins Using Graphene Oxideaptamer Based Sensors, Nanoscale 7 (2015) 10903-10907.

[3] Tan, J., Lai, Z.,, Zhong, L., Zhang, Z., Zheng, R., Su, J., Huang, Y., Huang, P., Song, H., Yang, N., Zhou,
S., Zhao, Y.: A Graphene Oxide-Based Fluorescent Aptasensor for the Turn-on Detection of CCRF-CEM,
Nanoscale Res. Lett. 13 (2018) 66.

Kracové slova: oxid grafénu, aptaméry, leukémia, diagnostika, fluorescencia



Koexistencia feromagnetizmu a supravodivosti
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Koexistencia feromagnetizmu a supravodivosti predstavuje novy fenomén, ktory bol objaveny
experimentalne a publikovany ako chyba merania, a to z dovodu, Ze su to dve diametralne odlisné vlastnosti,
ktoré by sa mali navzajom vyluéovat’. Vynimoc¢nost’ a perspektivnost’ tohto javu, nas viedla k tomu, aby sme
ho skamali v Heuslerovej zliatine NioNbSn, pretoze je nenaro¢na na pripravu a mala by vykazovat’ prave
takéto vlastnosti. Koexistencia feromagnetizmu a supravodivosti sprevadza jav magnetickej neviditeI'nosti,
kedy sa material stava neviditelnym pre vonkajSie magnetické polia, co by mohlo najst’ uplatnenie v
technickej ¢i zdravotnickej praxi, napriklad na ,,zatienenie* kardiostimulatora v 'udskom tele pri vysetreni
magnetickou rezonanciou. Stidium tohto fenoménu by nis vedelo posunat v objaveni materidlov
nevidite'nych pre I'udské oko, ked’ze svetlo predstavuje elektromagnetick vinu.

[1] Graf T., Felser C., et. al., Progress in Solid State Chemistry, 3, 11 (2011)
[2] Waki S., Yamaguchi Y., Mitsugi K., Journal od the Physical Society of Japan, 1675 (1985)

KPicové slova: Feromagnetizmus, Supravodivost, Magnetickd neviditel'nost’



Prirodovedné tlohy vyskumu PISA— analyza vysledkov ¢eskych ziakov
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Tato praca sa zaobera vysledkami ¢eskych ziakov vprirodovednych
ulohach v testovani PISA 2015. V préci je urobeny podrobnejsi rozbor vysledkov
prirodovednej gramotnosti 15-roénych Ziakov. Uvodné kapitoly prace sa venuji
charakteristike vyskumu PISA, jeho metédam a spdsobu prezentacie vysledkov. Stru¢ne sa
venuje definicii a koncepénému ramcu prirodovednej gramotnosti pre potreby vyskumu PISA.
Neskor sa rozoberaju tlohy a otazky pouzivané v testovani PISA, testy, typy odpovedi a ich
hodnotenie. V praci je aj prehl'ad poctu tloh pouzitych naprie¢ jednotlivymi testovaniami.
Praca dopliia predchadzajuce bakalarske prace Katefiny Basatkovej a Karla Havlicka
o vysledky v prirodovednych tloh4ch testovania PISA z rokov 2012 a 2015. Praca mapuje
vysledky ceskych ziakov v ¢asovom slede od roku 2000 do roku 2015 a zhfna vysledky
ziakov podl'a zru€nosti, znalosti a vzdelavacich oblasti. VSetky tieto vysledky porovnava
s vysledkami vybranych krajin OECD. Predposledna kapitola je jadrom tejto prace.
Porovnéva vysledky ziakov v jednotlivych kategoriach otdzok, vyberd otazky s najvysSou
a najnizsou uspesnostou, porovnava vysledky s priemerom krajin OECD, porovnava
vysledky chlapcov a dievcat a Specidlne pojednava o novych fyzikélne zameranych otazkach.
Poslednou Castou tejto prace su jej prilohy. Vyvoj vysledkov ¢eskych Ziakov naprie¢ rokmi
2000 — 2015 vo vsetkych trendovych otazkach pouzitych v testovani PISA 2015 a prehl'ad
uvolnenych prirodovednych uloh z testovania PISA 2015.

KTIacové slova: PISA 2015, prirodovedna gramotnost’, vysledky ¢eskych ziakov, trendova
otazka, zruc¢nost’, znalost’
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VW LMi was classifed as an W UMa-type eclipsing binary after the discovery of photometric variability
by Hipparcos mission in 1997. Long-term spectroscopy [1] showed that VW LMi is a quadruple system
consisting of a contact eclipsing binary and a non-eclipsing binary. The short outer orbital period (355 days)
indicates a presence of significant orbital perturbations in the inner sub-systems. The aim of this thesis is to
improve orbital elements and physical parameters of components but also to search for secular changes. First
of all, new spectra from Stara Lesnd, Skalnaté pleso and Tautenburg observatories must be deconvolved to
obtain the broadening functions and the radial velocities of the components. The fitting of observed radial
velocities as well as light-time effect visible in the photometric data is crucial to determine orbital parameters.
These parameters will be used in further numerical simulations to investigate evolution of the system and to
constrain mutual inclination of the inner and outer orbits.

[1] Pribulla, T., Rucinski, S. M., Lu, W., Mochnacki, S. W., Conidis, G., Blake, R. M., DeBond, H., Thomson,
J. R., Pych, W., Og loza, W., and Siwak, M. (2006). Radial Velocity Studies of Close Binary Stars. XI.
Astron. J., 132:769-780.

Keywords: hierarchical quadruple, secular orbital changes
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The ALICE (A Large Ion Collider Experiment) experiment at CERN
will upgrade its Inner Tracking System (ITS) detector. The new ITS will
consist of seven coaxial cylindrical layers of ALPIDE silicon sensors which
are based on Monolithic Active Pixel Sensor (MAPS) technology. We have
studied the radiation hardness of ALPIDE sensors using a 30 MeV proton
beam provided by the cyclotron U-120M of the Nuclear Physics Institute of
the Czech Academy of Sciences in Rez. In this paper, these long-term mea-
surements will be described. After being irradiated up to the total ionization
dose 2.7 Mrad and non-ionizing energy loss 2.7 x 103 1 MeV neq-cm_Q,
ALPIDE sensors fulfill ITS upgrade project technical design requirements
in terms of detection efficiency and fake-hit rate.

Key words: ALICE ITS upgrade, ALPIDE, MAPS, silicon pixel, radi-
ation hardness, cyclotron
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V tejto praci sme vypracovali komplexny model kryStalu spojenim Einsteinovho a elastického
modelu tuhych latok. Do tohto modelu sme zakomponovali taktieZ magnetizmus, vyuzitim
jednorozmerného Heisenbergovho XX modelu so spinom Y. Na vyjadrenie zavislosti frekvencie
kvantovych oscilatorov od objemu sme pouzili Griineisenov pristup, ktory umoznuje priamociare
vyjadrenie vSetkych relevantnych termodynamickych veli¢in. Elasticki vol'nu energiu berieme
Vtvare rozvoja do Stvrtého rddu podla parametra, ktory vyjadruje relativnu zmenu objemu
skumaného krystalu a magnetoelastickt interakciu sme v studovanom modeli zapocitali formou
exponencialnej zavislosti vymennej interakcie medzi najbliz§imi atomami na ich vzijomnej
vzdialenosti. Pouzity pristup umoznuje stanovenie zakladného stavu, teplotnych fazovych
diagramov, ako aj vypocet vSetkych termodynamickych veli¢in skimaného modelu.

[1] Balcerzak,T., Szalowski, K. and Jas¢ur, M, A simple thermodynamic description of the combined Einstein
and elastic models., (2012), Journal of Physics: Condensed Matter 22, 42 (2010),425401.

[2] Girifalco, L. A, Druhy B., Treti C., Statistical mechanics of solids, vol.58. OUP USA,2003.

[3] Lieb, Elliot, Theodore Schultz, and Daniel Mattis., Two soluble models of an antiferromagnetic chain.,
(Annals of Physics 16.3 (1961): 407-466.

Kracové slova: Heisenbergov XX model, Einsteinov model, Gruneisenov predpoklad
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Praca je venovand hladaniu exotického S$estkvarkového viazaného stavu dibaryénu H° s
kvarkovym zlozenim uuddss. Cielom bolo zamerat sa na jeden z moznych rozpadovych kanalov
dibaryéonu: H® — Xp, vykonat simulaciu tohto rozpadu a vystup aplikovat na geometriu
experimentu ALICE.

Z vysledkov simulacie, kde sme uvazovali dve rozne doby Zivota Gastice H?, je vidiet, Ze v
pripade doby Zivota 109, sa rozpad na dcérske produkty odohraje uz vo vnitornom drdhovom
detektore (ITS). V pripade doby Zivota 1085, vi¢sina rozpadov HO prebehne az v asovo-projekéne;
komore (TPC). Tieto vysledky budu dblezité pre analyzovanie redlnych dat z experimentu.

[1] JAFFE, R. L. Perhaps a Stable Dihyperon. In Phys. Rev. Lett. 1977, vol. 38, p. 195-198.
[2] KLINGENBERG, R. Strange quark matter searches. In Journal of Physics G: Nuclear and Particle
Physics. 1999, vol. 25, p. 273-308.

KPuacové slova: dibaryon, ALICE, simulacia



Emission of molecular hydrogen induced by electron
impact
Barbora Stachova!
Supervisor: Juraj Orszagh!

LFMPH CU, Mlynska dolina, 842 48 Bratislava

The aim of this paper was to examine emission continuum of electron-excited molecular hydrogen H; (a*Zq*
— b3Z,*). This continuum was studied in the range of wavelengths within 200-800 nm at electron energies
below the thresholds of other excitation processes. Furthermore, relative cross sections were measured for
selected wavelengths.

Hydrogen is the most abundant chemical substance in the universe, that is why it is essential to study its
properties. Kwok et al. [1] proposed that transition a*4" — b3Z,* of molecular hydrogen is a major contributor
to the opacity in stellar atmospheres.

For this study, a crossed-beams setup was used [2]. Trochoidal electron monochromator was used as a
source of electrons and the beam collided with H, molecules causing their excitation and subsequent
deexcitation during which photons were emitted.

Our study provides new, extended data on the continuum ranging from the VUV up to the NIR region. The
continuum was measured at several electron energies. Electron energies up to 14 eV solely lead to the
continuum of Ha, however at higher energies the Fulcher bands start to occur. Relative cross sections at chosen
wavelengths were measured as well.

[1] T. L. Kwok, S. Guberman et al. (1986). Dipole moments and transitions probabilities of the a3Zy" — b%Z,*
system of molecular hydrogen. Physical review A, volume 34, number 3.

[2] M. Danko, J. Orszagh, M. Durian et al. (2013). Electron impact excitation of methane: determination of
appearance energies for dissociation products. Journal of physics B: Atomic, molecular and optical physics,
46 (2013) 045203 (10pp).

Key words: optical emission continuum, crossed-beam experiment, Hy, cross section
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Hydrostatic pressure is one of essential thermodynamic parameters in materials research. Compared to
other parameters, which can be changed relatively easily nowadays (temperature, magnetic field), pressure
is the most complicated parameter to change. Sophisticated pressure cells and pressure exchange media
responsible for an equal redistribution of pressure within the sample space are necessary [1]. Focusing on
liquid pressure media, topic of the presented work, they tend to solidify at specific (high) pressure. To
maintain hydrostatic conditions even in pressures of several GPa, new pressure media with higher
solidification pressure are required.

In this work, we studied the properties of pressure media Daphne 7373 and Daphne 7474 compared to
the results of previous works. The solidification of Daphne 7373 [2] was confirmed in pressure of 2.2 GPa
at room temperature. Furthermore, the quality of hydrostaticity was studied upon reaching solidification by
pressure or temperature change. Our results confirmed that Daphne 7373 remains perfectly hydrostatic below
solidification temperature. The pressure drop at low temperatures was determined for various pressure points.
Daphne 7474 [3], reported to solidify at 3.7 GPa at room temperature, has shown a good hydrostaticity during
the whole experiment, i.e., up to 3 GPa. Temperature dependence of solidification was inspected by strain
gauges, resulting in a p-T phase diagram of Daphne 7474 below room temperature. Measured data were
linearly extrapolated [T./K = (4.33 £ 017)p/kbar + (157.6 + 3,3)] to estimate the border between
liguid and solid state of pressure medium in broader p-T range. The compressibility of both pressure media
were also determined.

[1] M. Eremets: High pressure experimental methods, Oxford University Press, 1996
[2] K. Yokogawa et al., Jap. J. Appl. Phys. 46, 3636-3639 (2007)
[3] K. Murata et al., Rev. Sci. Ins. 79, 085101 (2008)

Key words: high pressure, hydrostaticity, Daphne 7373, Daphne 7474



Historické experimenty a jejich analogie jako souéast
fyzikalniho vzdélavani na strednich skolach
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Tato bakalarska prace je zamétena na aktivity souvisejici s historickymi experimenty. S ohledem na cil
bakalatské prace byla provedena dil¢i reSerSe Cesky psanych i mezinarodnich zdroji tykajicich se vyuZziti
historickych experimentu ve vyuce fyziky. K dal§imu zpracovani byl zvolen Oerstediiv pokus a historické
metody méfeni tthového zrychleni a rychlosti svétla. Aktivity zabyvajici se témito pokusy byly ovéfeny ve
vyuce fyziky v riznych rocnicich vys$siho i1 nizS§iho gymnazia. Na zakladé zkuSenosti z vyuky byly tyto
aktivity upraveny. Navrh pribéhu téchto aktivit je uveden v materialech uréenych pro ucitele fyziky.

KPucové slova: experiment, historicky experiment, fyzika, fyzika na stfedni Skole
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Prica je zamerana na pochopenie pohybu ¢astic kozmického Ziarenia (d’alej len KZ) v premenlivom
magnetickom poli Slnka, Heliosfére. V praci pomocou pocitacovych simuldcii stochastickou metodou
rieSime Fokker-Planckovu rovnicu popisujucu modulaciu Castic KZ v heliosfére.

V prvej &asti sa praca zaoberd historiou vyskumu KZ, jeho zdrojmi, spektrom a zlozenim. V d’aliej &asti sa
nachadza popis magnetického pol'a Sinka ako aj popis 11 ro¢ného cyklu, ktorym Slnko prechadza.
V poslednej Casti sa praca sustred’uje na metdédy pouzité vo vypoctoch modulacie KZ v heliosfére. V tejto
Casti je vysvetlené ako st tieto metddy pouzité a zaroven ich navzajom porovnavame za ucelom hl'adania
dovodu ich nestladu. Pri porovndvani sme menili niektoré parametre modelov ako napriklad hodnoty
difuzneho koeficientu ¢i dlzku ¢asového kroku vypoctu.

KPacové slova: Kozmické Ziarenie, Heliosféra, Fokker-Planckova rovnica, Forward metoda, Backward
metoda



Supertvrdé TaBy vrstvy pripravené pomocou technolégie
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Tenké vrstvy na baze diboridov a nitridov prechodovych kovov z I1I az VIB skupiny su vd’aka vybornym
mechanickym vlastnostiam a vysokej teplotnej stabilite atraktivne ako funk¢éné povlaky na rezné hrany
obrabacich nastrojov predlzujuce ich Zivotnost. Fyzikalne depozicie z par (magnetronové napraSovanie)
patria k najpouZzivanej$im depoziénym technikam na nanasanie takychto vrstiev. V praci sa zaoberame
pripravou a skimanim S$truktry, a mechanickych vlastnosti perspektivnych tvrdych vrstiev na baze TaBy,
tvorenych odprasovanim stechiometrického TaB; teréa pomocou urychlenych Ar* idnov. Velka atdomova
hmotnost’ tantalu spdsobuje odrazenie Ar castic od teréa do rasticej vrstvy, ¢o vedie k rozpraSovaniu
I'ahkého béru a vytvaraniu podstechiometrickych, vakancie obsahujticich TaBy vrstiev (X < 2) [1], ¢o moze
mat’ negativny dopad na ich mechanické vlastnosti. V nasej praci sme pouzili depozi¢nu technolégiu HiTUS
(High Target Utilisation Sputtering), ktorda ndm, na rozdiel od inych technolégii, umoziuje regulovanim
urychl'ovacieho napitia na ter¢i nezavisle menit’ kineticka energiu Ar* iénov dopadajucich na ter¢, vd’aka
¢omu sme pripravili TaBx vrstvy v Sirokom kompozi¢nom rozsahu (x ~ 1,6 + 3,2). Vysledné vrstvy mali
nanokompozitny charakter, kde bola $truktura tvorend stipcovymi TaB; zrnami s hexagonalnou $truktarou
a-AlB; typu, obklopenymi bérovou matricou. VSetky vrstvy st extrémne tvrdé s najvysSou tvrdostou
48,6=1,7 GPa pre TaB1s a najnizSou 42,2+1,9 GPa pre TaB21. Vrstvy maju, zial’, typicky krehky charakter
vyjadreny vysokymi hodnotami Youngovho modulu pruznosti, s najvy$sou hodnotou 491,2+21,4 GPa pre
TaBs2. TaBy vrstvy tvrdostou vyrazne prevysuju priemyselne pripravované tvrdé vrstvy na baze nitridov
a vd’aka vysokej teplotnej stabilite TaB, fazy predstavuju vel'mi sl'ubny material pre povlaky uréené na
vysokoteplotné aplikacie.

[1] B. Grancic et al., “Stoichiometry, structure and mechanical properties of co-sputtered Til-
xTaxB2zA coatings,” Surf. Coatings Technol., 2019.

KrPuacové slova: tvrdé vrstvy, tantal diborid, nanokompozit, HiTUS
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Together with the ongoing works on preparations of High-Luminosity LHC there is a need to
enhance performance of various experiments on the collider as well. This is also the case of the
experiment ATLAS and its subdetectors such as Inner Detector which will be completely replaced
by new Inner Tracker (ITk). This thesis deals with computer simulations of silicon strip detectors
for ATLAS Upgrade ITk. For this purpose, we were using AllPix* [1] which is a generic simulation
framework for silicon detectors written in modern C++ that is using Geant4 to simulate the
interactions of particles with a matter. AllPix? enables to simulate everything from the interaction of
the particle with silicon, charge propagation in electric field, charge collection, up to signal
digitization.

In the simulations we focused mostly on three aspects. The first is a precise characterization of
used detectors, the second is a simulation of test beam measurements and the third one is a
simulation of test measurements with radioactive beta source. We also discussed the possibility of
simulation of test measurements with laser, which is a type of measurement that is also done in the
Prague laboratory of Institute of Particle and Nuclear Physics. These simulations are important not
only because they help us to better understand processes happening inside the detector, but they are
also used as validation of testing measurements. As a result of this we are able to point out the
effects of the experimental setup (or detector itself) which have impact on measured results,
validate experimental results or better estimate physical characteristics of our detector.

[1] S. Spannagel et al., “Allpix?*: A modular simulation framework for silicon detectors”, Nucl. Instr.
Meth. A 901 (2018) 164 — 172, doi:10.1016/j.nima.2018.06.020, arXiv:1806.05813
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Magneticky médkké kompaktované praSkové zliatiny maju v sicasnosti vel’ky vyznam
v elektrotechnickom priemysle. Vyroba stciastok z takychto materidlov je priemyselny
proces, pocas ktorého sa ich magnetické vlastnosti upravuju podl'a poziadaviek na vyuzitie
réznymi metédami a zmenami parametrov vyroby, ako su napriklad lisovaci tlak, doba a

teplota spekania.

Cielom tejto prace bolo preskiimat’ vplyv mechanickej Gpravy brisenim a tepelnej
upravy na merny odpor, hysterézne sluc¢ky pri 0,17 a 0,2T, krivky prvotnej magnetizécie,
anhysterézne krivky, zaciatocnu, maximalnu a na komplexni permeabilitu prstencovych

vzoriek pripravenych z magneticky mékkej kompaktovanej praskovej zliatiny NiFeMo.

Vzorka A bola pripravend lisovanim a nebola upravovand ani mechanicky a ani
tepelne. Vzorka B bola upravovand iba tepelne. Vzorka C bola upravovana iba mechanicky

a vzorka D bola upravovana aj mechanicky a aj tepelne.

Analyzou merania merné¢ho odporu sme zistili, Ze brisenie sposobuje narast a tepelné
spracovanie spdsobuje pokles merného odporu. Z merania hysteréznych sluciek vidiet, ze
aj brusenie a aj tepelné spracovanie spdsobuji zuZenie sluciek, pricom najuzsiu slu¢ku ma
vzorka D. Analyzou grafov anhysteréznych kriviek sme zistili, Ze brisenie a aj tepelna
uprava zvysuju strmost’ anhysteréznych kriviek a znizuju vnatorny demagnetiza¢ny faktor.
Najstrmsiu anhysteréznu krivku mala vzorka D. Analyzou hodndt zaciato€nej, maximalnej
a komplexnej permeability sme zistili, Ze brusenie a aj tepelna Uprava zvySuju hodnoty

permeability. Obzvlast’ vyrazny je vplyv tepelnej upravy.

Zo vsetkych nami skimanych vzoriek vykazovala najlepSie magnetické vlastnosti

vzorka, ktorad bola upravovana aj mechanicky a aj tepelne.
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Predmétem prace je simulace detektoru kosmického ionizujiciho zateni SXRM a v ném pouzitého
detekéniho Cipu SpacePix spolu s naslednou analyzou ziskanych dat a navrhy optimalizace detekéniho
uspotradani komponent. Primarni oblasti nasazeni detektoru je polarni kruhova orbita ve vysce 400 km,
procez je v praci diskutovana tematika kosmického zafeni, zejména v blizkém okoli Zemé. Analyza modela
orbity ukazuje druhy castic a energeticka spektra, ktera je zapotfebi zahrnout v simulaci. Obecné je v
predloZzené praci rovnéz rozebrana problematika interakci zafeni s materidlem a principti fungovani
polovodi¢ovych detektord. K vytvoreni modelt SXRM a SpacePix a simulaci jejich odezvy pfti prichodu
kosmického zateni byly pouzity programy Geant4 a AllpixSquared. Analyza takto generovanych dat byla
provedena v programu ROOT. Dalsim krokem ve vyvoji je testovani aplikace metod strojového uceni,
zejména neuronovych siti, jakozto metody rekonstrukce fyzikalni informace z detekovanych dat.

KrPuacové slova: kosmické zatreni, polovodiCové pixelové detektory, simulace prichodu ¢astic latkou,
Geant4, AllpixSquared, SpacePix, SXRM
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Diamant nie je len Sperk, ale jeho vlastnosti ako napriklad dobra tepelna vodivost’, odolnost’ voci znecisteniu,
alebo elektrické vlastnosti, z neho robia material, ktory by mohol byt sucastou modernejsej elektroniky.
Niet divu, Ze prave diamant, do ktorého sa pridavaju rézne primesi, ktoré ovplyviuji jeho elektrické
vlastnosti, sa stal predmetom skimania vedcov z celého sveta. V tejto praci sa venujeme rozboru vzoriek
boérom obohatené¢ho diamantu, ktoré vykazujii anomaliu vo vodivosti pri teplote 100 kelvinov. Vysvetleny
je princip Cinnosti skenovacieho elektronového mikroskopu a podstata XPS a EDX spektroskopie.
Experimentalna Cast’ je venovana distribucii vel'kosti zin skimanych vzoriek a zloZeniu vzoriek, skimanému
dvomi navzajom opacnymi experimentalnymi metdodami. Vysledky experimentu st porovnané s najnovsimi
Studiami, ktoré sa tejto problematike venuja.
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The ATLAS experiment installed on the LHC accelerator at CERN is currently preparing for an
upgrade of its tracking system in the course of the High-Luminosity LHC (HL-LHC) that is scheduled
for 2026. The radiation damage at the expected integrated luminosity of 4000 fb"' and hadron fluencies
over 2x10'° nei/cm? requires a replacement of existing Inner Detector by an all-silicon Inner Tracker (ITk)
with a pixel detector surrounded by a strip detector. The peak luminosity of HL-LHC will increase up to
7.5x10* cm™ s™, that corresponds approximately to 200 inelastic proton-proton interactions per beam crossing.
The increased luminosity will lead to higher radiation levels in the ATLAS detector.

The main purpose of the thesis is to study the effects of gamma irradiation on the electrical
characteristics of ATLAS17LS n™-in-p (n" type implant strip in p-type silicon bulk) sensors, developed by the
ATLAS ITk strip collaboration and manufactured by Hamamatsu Photonics to be used in the strip part of the
ATLAS ITk detector. The sensor parameters such as leakage current, bulk capacitance, full depletion voltage,
interstrip capacitance, interstrip resistance, coupling capacitance, punch through protection effectiveness or
polysilicon bias resistance have been measured in the new clean laboratory built at the Institute of Physics of
the Czech Academy of Sciences. The measured data provides a critical information on the bulk and surface
radiation damage caused by the gamma particles in the ATLAS ITk silicon strip sensors.

Kradové slova: ATLAS Inner Tracker, Strip silicon sensor, Radiation damage, Gamma irradiation,
Electrical characteristics, Detection performance
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